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ABSTRACT
In this work, we investigate the reliability of the BPT diagram for excluding galaxies that host an
AGN. We determine the prevalence of X-ray AGN in the star-forming region of the BPT diagram
and discuss the reasons behind this apparent misclassification, focusing primarily on relatively massive
(log(M∗) & 10) galaxies. X-ray AGN are selected from deep XMM observations using a new method
that results in greater samples with a wider range of X-ray luminosities, complete to log(LX) > 41 for
z < 0.3. Taking X-ray detectability into account, we find the average fraction of X-ray AGN in the
BPT star-forming branch is 2%, suggesting the BPT diagram can provide a reasonably clean sample of
star-forming galaxies. However, the X-ray selection is itself rather incomplete. At the tip of the AGN
branch of the BPT diagram, the X-ray AGN fraction is only 14%, which may have implications for
studies that exclude AGN based only on X-ray observations. Interestingly, the X-ray AGN fractions
are similar for Seyfert and LINER populations, consistent with LINERs being true AGN. We find that
neither the star-formation dilution nor the hidden broad-line components can satisfactorily explain
the apparent misclassification of X-ray AGN. On the other hand, ∼ 40% of all X-ray AGN have
weak emission lines such that they cannot be placed on the BPT diagram at all and often have low
specific SFRs. Therefore, the most likely explanation for “misclassified” X-ray AGN is that they have
intrinsically weak AGN lines, and are only placeable on the BPT diagram when they tend to have high
specific SFRs.
Keywords: galaxies: active, nuclei, Seyfert, emission lines—X-rays: galaxies
1. INTRODUCTION
The ability to reliably select or eliminate AGN in a
sample of galaxies is often necessary for studying the
evolution of galaxies and the study of the AGN them-
selves. An incomplete selection of AGN could preclude
us from understanding all aspects of the AGN phe-
nomenon, whereas incomplete elimination of AGN could
contaminate the measurements of host properties, such
as the star formation rate (SFR) or gas-phase metallic-
ity and would make the studies that contrast non-AGN
with AGN less reliable.
Under the Unified model of AGN, the orientation of
an AGN with respect to the dust-obscuring torus in its
host galaxy affects how an AGN appears to an observer
(Antonucci 1993). When viewed directly, narrow for-
bidden lines and broadened Balmer lines are detected in
the optical and UV bands, indicative of gas speeds in
the broad-line region (BLR) on the order of thousands
of kilometers per second. Such AGN are referred to as
type 1. When viewed at an angle where light from the
BLR is largely attenuated by some obscuring torus, nar-
row forbidden emission and Balmer recombination lines
are seen from less dense gas that is further out from
the central accretion disk of the AGN. Such AGN with
strong forbidden emission lines compared to Balmer re-
combination lines are referred to as type 2 AGN. This
simple picture has subsequently been expanded to rec-
ognize the AGN luminosity as an additional determining
factor. Namely, lower-luminosity AGN will not be able
to form a BLR, and would only feature narrow lines
(Laor 2003). Such objects are sometimes referred to as
true type 2 AGN and may constitute 7% of type 2 AGN
(Pons & Watson 2016). Altogether, type 2 AGN are
many times more common than type 1 AGN.
ar
X
iv
:1
81
1.
11
75
5v
2 
 [a
str
o-
ph
.G
A]
  2
6 M
ar 
20
19
2 Agostino and Salim
In addition to the orientation, the detection, and con-
sequently, the selection of AGN depends on their in-
trinsic properties, such as its Eddington ratio and the
AGN luminosity (Hickox et al. 2009). Type 1 AGN can
be identified based on their extreme Balmer line broad-
ening or their blue continuum. Type 2 AGN will nei-
ther feature broad Balmer lines nor will have a contin-
uum different from non-AGN galaxies, so a variety of
methods have been developed in an attempt to iden-
tify them. The Baldwin-Phillips-Terlevich (BPT, Bald-
win et al. 1981) diagram is of particular interest because
it uses commonly available optical emission line ratios,
[OIII]λ5007/Hβ and [NII]λ6583/Hα, to determine the
source of ionization in nebular gas. The BPT diagram’s
two main features, the star-forming and AGN branches,
are a result of gas-phase abundance, physical conditions
of the ISM, and the processes that drive the ionization of
nebular regions in galaxies. Galaxies in the star-forming
branch have emission line ratios resembling those of indi-
vidual HII regions, a result reproduced by photoioniza-
tion models where O and B stars are the sources of ion-
ization (Kewley et al. 2001; Nagao et al. 2006; Stasin´ska
et al. 2006; Levesque et al. 2010; Sa´nchez et al. 2015).
Galaxies along the AGN branch have higher ratios of
[OIII]/Hβ and [NII]/Hα because the higher energy pho-
tons produced in accretion processes can induce more
heating in the narrow-line region (NLR), causing colli-
sionally excited lines to emit more strongly relative to
the Balmer recombination lines (Stasin´ska et al. 2006).
The AGN branch stems from the bottom of the star-
forming branch to the upper right, because luminous
AGN are primarily found in massive, metal-rich galaxies
(Kauffmann et al. 2003; Schawinski et al. 2010; Mullaney
et al. 2012).
Kauffmann et al. (2003) used the BPT diagnostic to
empirically derive a boundary to distinguish AGN from
star-forming galaxies. Because [NII] and Hα become
difficult to measure at higher redshifts, other optical
emission-line diagrams have been proposed as alterna-
tives to the BPT diagnostic by swapping the [NII]/Hα
line-ratio for other proxies. Veilleux & Osterbrock
(1987) used [SII]λλ6717,6731/Hα or [OI]λ6300/Hα.
Other methods utilized host properties like stellar mass
(Juneau et al. 2011) or rest U−B color (Yan et al. 2011).
Trouille et al. (2011) (TBT) used rest g − z color and
[NeIII]λ3869/[OII]λλ3826, 3729 to separate AGN from
star-forming galaxies. Nevertheless, the BPT diagram
is by far the most widely used emission-line diagram
and may be the most reliable (Stasin´ska et al. 2006).
The reliability and the completeness of BPT classifica-
tion have not been robustly explored. There are several
manifestations of reliability. One is whether the galax-
ies hosting the AGN are identified as such. For example,
Trump et al. (2015) modeled a sample of AGN with a
distribution of physically motivated Eddington ratios to
show it is possible that the BPT diagram based on SDSS
fiber spectroscopy is biased against AGN in low-mass,
blue galaxies with high specific star-formation rates (sS-
FRs, star-formation rates normalized by the stellar mass
of galaxies). By simulating a set of AGN with Eddington
ratios distributed as a Schechter function, Jones et al.
(2016) similarly show that narrow-line AGN may be
overpowered by host star formation, biasing the BPT
classification of weaker AGN.
Another crucial aspect of reliability is whether the
galaxies classified with the BPT diagram as AGN are
true AGN. For example, it has been proposed that most
galaxies exhibiting low-ionization nuclear emission-line
regions (LINERs, Heckman 1980) are not ionized pri-
marily by AGN (Stasin´ska et al. 2008; Yan & Blanton
2012; Belfiore et al. 2016). The current paper will mostly
focus on the first question, and will touch upon the sec-
ond.
Other approaches were developed that identify AGN
(of either type) by excess emission in the radio (Con-
don 1992), IR (Kennicutt 1998), or X-ray (Ranalli et al.
2003), allowing one to test the reliability of the BPT
diagram. The majority of AGN are actually radio-quiet
(Wilson & Colbert 1995) and separating such weak radio
cores from host star-formation typically requires deep in-
terferometric imaging with arcsecond-scale angular res-
olution (Ho 2008), rendering large statistical studies
based on radio emission observationally expensive. IR
selection often utilizes color cuts based on mid-IR colors
to select AGN (Lacy et al. 2004; Stern et al. 2005; Ma-
teos et al. 2012; Stern et al. 2012), but these selection
methods can be affected by dust heating from old stars.
By contrast, X-ray sources are typically selected using
a luminosity cut of log(LX) > 42, because any source
more luminous than that limit is more likely to be an
AGN than a star-forming galaxy (Fabbiano 1989; Zezas
et al. 1998; Moran et al. 1999) since the star-formation
rates necessary to reach such high X-ray luminosities are
∼ 200M yr−1 (Ranalli et al. 2003). The spatial den-
sity of such starbursting galaxies is quite low in the local
(z < 0.3) universe, leaving the X-ray method as the pre-
ferred one for testing the placement of secure AGN on
the BPT diagram. A number of studies performed at
low redshift have found that X-ray selected AGN, in ad-
dition to mostly populating the AGN branch of the BPT
diagram, occasionally cross into the star-forming region
of the BPT diagram (Trouille & Barger 2010; Trouille
et al. 2011; Castello´-Mor et al. 2012; Pons & Watson
2014; Pons et al. 2016; Pons & Watson 2016), suggesting
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that the BPT classification is to some degree unreliable,
leading to incomplete AGN selection, or alternatively,
to contamination of “non-AGN” samples.
Various explanations have been proposed to account
for the apparent misclassification by the BPT diagram.
Castello´-Mor et al. (2012) used X-ray spectral analy-
sis to argue that the majority of BPT star-forming X-
ray AGN are actually narrow-line Seyfert 1s (NLS1),
a subclass of type 1 AGN (Osterbrock & Pogge 1985)
which exhibits narrow-broad composite lines, and whose
broad component may distort the line ratios and lead to
misclassification. In contrast, other studies have found
NLS1s to be only a fraction of misclassified X-ray AGN
(Pons & Watson 2014, 2016). Pons & Watson (2014)
suggested that non-NLS1 X-ray AGN are misclassified
because they either have significant contributions from
star-formation by their host and/or low accretion rates.
Previous studies have not reached a consensus on the
reasons for misclassification, prompting us to revisit
the question with more complete samples, more exten-
sive ancillary data, and some new analysis approaches.
Specifically, we use a novel selection method that pro-
duces a more complete sample of X-ray AGN at lower
luminosities, and couple it with more accurate charac-
terization of host galaxies in terms of their SFRs and
stellar masses. Following previous studies, we focus on
low redshifts (z < 0.3), where the quality of the data is
high and samples are large. We primarily explore causes
of misclassification for relatively massive (log(M∗) & 10)
galaxies, which contain most massive SMBHs and whose
role in galaxy evolution may be more critical. On the
other hand, the misclassification of AGN in low-mass,
metal-poor galaxies may have fundamentally different
causes and we are not discussing it in this work (Cann
et al. 2019; Dickey et al. 2019).
In addition to investigating the reasons for apparent
misclassification, our goal is also to provide a statis-
tically robust assessment of the contamination rate of
AGN in the star-forming region of the BPT diagram.
To assess the contamination, we calculate the fraction
of X-ray AGN across the entire BPT diagram, taking
into account their detectability as X-ray sources given
the depth of the observations. This exercise also allows
us to weigh in on the question of whether LINERs are
true AGN.
2. SAMPLE AND DATA
In order to study the optical emission line properties of
X-ray selected AGN, we need extensive but deep X-ray
coverage to find a statistical sample of X-ray AGN can-
didates, accurate star formation rates for determining if
the source of X-ray emission is indeed an X-ray AGN,
and carefully measured optical emission-line fluxes to
construct emission-line diagrams.
2.1. Data
X-ray sources used in this work were compiled in the
sixth data release of the third XMM-Newton serendipi-
tous source catalog (3XMM, Rosen et al. 2016). 3XMM
consists of nearly half a million sources identified in pub-
licly available XMM-Newton observations. X-ray fluxes
in 3XMM are given in several bands covering the energy
interval of 0.2-12 keV, assuming a power-law spectral
model with photon index Γ = 1.7. In order to utilize the
empirical relationships between star-formation-rate and
X-ray luminosity for the soft (0.5-2 keV) and hard (2-10
keV) X-ray bands determined in Ranalli et al. (2003),
fluxes in 0.5-10 keV band are obtained from 0.5-12 keV
fluxes by multiplying by 0.9, a factor based on Γ = 1.7,
and are then converted into luminosities.
Star formation rates used in this work originate from
GALEX-SDSS-WISE Legacy Catalog (GSWLC, Salim
et al. 2016)1, an optically selected catalog of ∼ 700, 000
galaxies with 100 Myr-averaged SFRs determined via
UV/optical SED fitting. GSWLC is particularly useful
in that it contains relatively robust SFRs even for galax-
ies off the galaxy star-formation (SF) main sequence,
where many AGN are found. We utilize the medium
depth catalog available from GSWLC, which we will
hereby refer to as GSWLC-M1. GSWLC-M1, which cov-
ers approximately 4500 sq. deg., has a greater overlap
with 3XMM catalog than the deeper but less extensive
GSWLC-D1 catalog. Sources in 3XMM were matched
to galaxies in GSWLC-M1 with a 7′′ search radius. For
cases where an X-ray source was within 7′′ of multiple
GSWLC-M1 sources, the GSWLC-M1 source with the
highest r-band flux was adopted as a match. We found
that 2041 3XMM sources have counterparts in GSWLC-
M1.
In order to have a consistent detection limit, we only
use X-ray sources which were observed with exposure
times falling within a relatively small range. In Figure 1,
we show a histogram of the logarithm of exposure times
of the 2041 3XMM sources with optical counterparts
in GSWLC-M1. We retained 837 sources, which had
4.1 < log(texp) < 4.5, corresponding to ∼ 20 ks. We
then required that each galaxy has a good quality SED
fit, as defined by GSWLC-1, and we also removed type 1
AGN, i.e. galaxies classified spectroscopically in SDSS
pipeline as ‘QSOs’. The final X-ray sample contained
740 galaxies.
1 http://pages.iu.edu/∼salims/gswlc/
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Figure 1. Histogram of exposure times of observations for
galaxies detected in 3XMM with matched optical counter-
parts in GSWLC-M1. Dashed lines denote the lower and
upper limits of observation times used in our sample.
Spectral line fluxes used in this work originate from
the MPA/JHU catalog of emission line measurements2,
derived from the spectra released in SDSS DR7 (Abaza-
jian et al. 2009) following Tremonti et al. (2004), and
were available for 681 of the 740 galaxies due to the
smaller coverage of DR7 with respect to DR10 used
for the construction of GSWLC. Line fluxes were dust-
corrected using the Balmer decrement and the Cardelli
dust attenuation law (Cardelli et al. 1989).
X-ray luminosities in our sample extend down to
log(LX) ∼ 40 for nearby galaxies and are complete for
log(LX) > 41 at all redshifts. The galaxies in the fi-
nal sample span the redshift range defined by GSWLC,
0.01 < z < 0.3 and the stellar masses are typically in
10 < log(M∗) < 12 range.
2.2. Selection of X-ray AGN sample
X-rays are produced by AGN via the Componization
of UV/optical accretion disk photons by a corona of hot
electrons (Haardt & Maraschi 1991). In galaxies, a va-
riety of other sources produce X-ray emissions including
X-ray binaries, and supernova remnants. In this work
we select X-ray AGN by requiring X-ray emission to be
present in excess of what is expected from non-AGN
sources. Because massive stars are short-lived, the X-
ray luminosity produced by their stellar end-products
provides a measure of a galaxy’s instantaneous star for-
mation rate (Persic & Rephaeli 2007; Lehmer et al. 2010;
Mineo et al. 2012). Ranalli et al. (2003) determined
the following empirical relations between star-formation
2 http://www.mpa-garching.mpg.de/SDSS/DR7/
rate (M yr−1) and X-ray luminosity (erg s−1) in the
soft (0.5–2 keV) and hard (2–10 keV) bands:
SFR = 2.2× 10−40 L0.5−2 keV (1)
SFR = 2.0× 10−40 L2−10 keV (2)
Rosa Gonza´lez et al. (2009) found that soft X-rays more
closely track recent SF episodes than hard X-rays, as
measured via Hα luminosity, but do not find such a dis-
crepancy when comparing soft and hard X-rays with IR
luminosities that trace SF activity averaged over the last
100 Myr, which is the same timescale used in comput-
ing SFRs in GSWLC-M1. Given that both soft and hard
X-rays trace SF, we combine these two formulations to
relate the star formation rates to the full-band (0.5–10
keV) X-ray luminosity, LX, by rearranging Equations 1
and 2 to
L0.5−2 keV = SFR/2.2× 10−40 (3)
L2−10 keV = SFR/2.0× 10−40 (4)
and summing them to get a relation between full-band
luminosity and the SFR
LX = SFR/2.2× 10−40 + SFR/2.0× 10−40 (5)
which gives
SFR = 1.05× 10−40 LX (6)
where SFRs are given for a Salpeter IMF. To convert
to the Chabrier IMF (Chabrier 2003) used in GSWLC,
we divide SFRs by 1.58, which results in the following
relationship:
SFR = 0.66× 10−40 LX (7)
In Figure 2, we show the adapted Ranalli relation and
plot SFR versus LX for the galaxies in our sample. Many
galaxies lie on the relation, but even more have excess
X-ray luminosities indicative of an AGN. Ranalli et al.
(2003) reported an intrinsic spread of 0.3 dex (1σ) for
the original relation, which agrees with the scatter of our
sample above the relationship. We take 0.6 dex (2σ) as
the cutoff beyond which we conclude 549 are X-ray AGN
(shaded area in Figure 2).
In previous studies with X-ray AGN in the star-
forming region of the BPT diagram (Trouille & Barger
2010; Trouille et al. 2011; Castello´-Mor et al. 2012; Pons
& Watson 2014; Pons et al. 2016), X-ray AGN were
selected by requiring log(LX) > 42. Pons & Watson
(2016) use a less stringent requirement, log(LX) > 41,
based on a X-ray study of a subset of the 12 Micron
Galaxy Survey (Brightman & Nandra 2011), but do not
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Figure 2. Selection of X-ray AGN using the relation be-
tween star formation rate and X-ray luminosity. The dashed
line shows the relation between SFR and LX for non-AGN,
derived in Ranalli et al. (2003) and adapted here for use in
the full band. The gray shaded region denotes the portion of
the parameter space with excess X-ray emisssion due to the
AGN.
consider SFRs in their selection of X-ray AGN, which
likely leads to contamination. Our selection method is
more comprehensive than the methods used in previ-
ous studies because it includes secure X-ray AGN at
lower luminosities. If log(LX) > 42 were required for
this study as in other studies, ∼ 60% of X-ray AGN
would be eliminated.
3. RESULTS
3.1. Emission Line Diagnostics
Of 549 X-ray AGN, 323 have SNR>2 for all of the
lines used in the BPT diagram (Hα, Hβ, [OIII], [NII]),
while the remaining 226 (41%) fail one or more SNR
thresholds and cannot be reliably placed on the BPT
diagram. SNR>2 for individual lines is sufficient for a
reliable BPT classification (Juneau et al. 2014). In Fig-
ure 3, we show the BPT diagram, displaying 323 X-ray
AGN. The Kauffmann et al. (2003) (Ka03) demarcation
line is shown and separates the star-forming (SF) and
AGN branches. We find that 289 X-ray AGN are in the
AGN region (black circles) and 34 X-ray AGN are found
within the SF region (blue triangles). For this work, we
refer to the first group as BPT-AGN and the second
group as BPT-HII.
We also place the two groups of BPT-classified galax-
ies on two other commonly used optical emission-line
diagnostics: the Veilleux & Osterbrock (1987) (VO87)
diagrams, which keep [OIII]/Hβ from the BPT diagram
−2 −1 0 1
log([NII]/Hα)
−1.0
−0.5
0.0
0.5
1.0
lo
g(
[O
II
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β
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AGN
HII
X-Ray AGN (BPT-HII)
X-Ray AGN (BPT-AGN)
Figure 3. Classical BPT Diagram showing [OIII]/Hβ versus
[NII]/Hα with the empirical Kauffmann et al. (2003) demar-
cation line. Of the 323 X-ray AGN detected in 3XMM, 34
(blue triangles) lie below the demarcation and 289 (black
circles) above it. A two-dimensional histogram of galaxies
from GSWLC-M1 make up the greyscale background, where
the shading indicates the density. Unless otherwise noted,
this same set of symbols and background galaxies are used
in subsequent plots.
but swap [NII]/Hα for [SII]/Hα and [OI]/Hα. We wish
to check if either of the VO87 diagrams can classify X-
ray AGN more cleanly, i.e., with fewer of them in the
star-forming (HII) region. In Figures 4 and 5, we show
the VO87 diagrams for our two groups of X-ray AGN
where [SII]/Hα and [OI]/Hα measurements were avail-
able, i.e., all lines had SNR> 2. It is interesting to
note that the BPT-HII remain classified by the VO87
diagrams as star-forming galaxies, suggesting that opti-
cal misclassification is not just an artifact of the regular
BPT diagram. Among the BPT and VO87 diagrams,
the BPT classifies the smallest portion of the X-ray AGN
as star-forming galaxies, which corroborates its widely
accepted use as a selection method for type 2 AGN. The
VO87 diagrams are supposed to better distinguish LIN-
ERs than the BPT diagram (Kewley et al. 2006). We see
that X-ray AGN populate both the Seyfert and LINER
regions and do so with similar density as the underlying
sources. This suggests that both groups are powered by
the same source, i.e., the AGN. We will return to the
discussion of LINERs as AGN in Section 3.3.
3.2. Possible causes of misclassification
The present discrepancy in classification methods pro-
vides an opportunity to understand X-ray and optical
properties of AGN. We present four principal reasons for
this apparent misclassification, with some critical differ-
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Figure 4. [SII]/Hα VO87 diagram, an alternate emis-
sion line diagnostic used for differentiating between LINERs,
Seyferts, and Star-forming galaxies. This diagram mislabels
even more BPT-AGN as star-forming galaxies.
−2.0 −1.5 −1.0 −0.5 0.0
log([OI]/Hα)
−1.0
−0.5
0.0
0.5
1.0
lo
g(
[O
II
I]
/H
β
)
LINER
Seyfert
HII
Figure 5. [OI]/Hα VO87 diagram. This diagnostic mis-
labels a similar number of more BPT-AGN as star-forming
HII galaxies.
ences with respect to the scenarios presented in previous
studies:
1. Star-formation dilution. The spectroscopic fiber
includes emission from star-forming regions that
changes the resulting line ratios, turning what
would otherwise be classified as a BPT-AGN
galaxy into a BPT-HII.
2. Broad-line contamination. Classification is incor-
rect because the Balmer lines have a broad com-
ponent, corrupting the line ratios and shifting the
galaxy into the star-forming region of the BPT di-
agram.
3. AGN without emission lines. X-ray AGN intrinsi-
cally has no line emission or the lines are heavily
attenuated by dust, rendering these X-ray AGN
unclassifiable by the BPT diagram were it not for
the host SF. This scenario is related to the star for-
mation dilution scenario, with the difference that
the galaxy would not have been classified as an
AGN even if there was no contamination from the
host. One could argue that galaxies that would fall
under this scenario are not really misclassified.
4. Low-ionization AGN. In this scenario the lines in-
deed originate from an AGN and not from star
formation, but the ionization levels are low enough
that the galaxies fall below the Kauffmann et al.
(2003) AGN selection line.
We explore the first two possibilities in separate sec-
tions, and the latter two in a joint section.
3.2.1. Dilution by star formation
One common explanation for the optical misclassifi-
cation of X-ray AGN as BPT-HII is the dilution of nu-
clear emission by extra-nuclear light in a spectroscopic
aperture. Moran et al. (2002) used large spectroscopic
apertures to demonstrate that many nearby type 2 AGN
are diluted by star-formation from their hosts. The sup-
port for this scenario in our SDSS-based sample would
come if one could demonstrate that some SFR-related or
aperture-related quantity can separate correctly and in-
correctly classified AGN. More distant galaxies will have
a larger fraction of their light captured by the SDSS
spectroscopic fiber, and would be more likely to be di-
luted. Similarly, smaller, or less massive galaxies would
have a larger fraction of their total light in the fiber.
We look at the BPT-HII and BPT-AGN in the mass-
redshift plane in Figure 6. While BPT-HII have a tail
of lower masses than BPT-AGN, the mass ranges over-
lap. Also, there is no separation in redshift, despite
the detectability of nuclear activity depending on red-
shift (Moran et al. 2002). Misclassified X-ray AGN are
more likely to be found among lower-mass galaxies than
their BPT-AGN counterparts but this difference may be
intrinsic. In Figure 7, we address the question from an-
other angle, by showing sSFR versus mass. Most of the
BPT-HII are consistent with the upper blue portion of
the main sequence whereas the BPT-AGN span the en-
tire range of sSFRs, which reflects the typical sSFRs of
the general population of BPT AGN, not just the X-ray
AGN (Salim et al. 2007). Furthermore, there appear to
exist two populations of the BPT-HII where one smaller
group has a much lower sSFR than the other, suggesting
that star formation dilution cannot reliably explain their
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Figure 6. Stellar mass of galaxies versus redshift. BPT-HII
are also found in lower mass galaxies, but the correctly and
“incorrectly” classified AGN overlap in mass. There is also
no clear preference for redshift between the two groups of
X-ray AGN.
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Figure 7. Specific star formation rate versus stellar mass.
The BPT-AGN span the entire range of sSFR while the BPT-
HII are mostly concentrated in the blue portion of the galac-
tic main sequence. However, there is no segregation by sSFR,
making the star-formation dilution scenario an unlikely rea-
son for “misclassification”.
optical misclassification. The key point is that BPT-HII
generally have higher sSFRs but so do many BPT-AGN
and yet they are correctly classified. Figure 7 shows sS-
FRs based on the total SFR. We have also looked at
the SFR that we extrapolate to be present in the fiber,
and the regions occupied by galaxies correctly and in-
correctly classified still overlap.
One factor that we did not take into account so far
is that the strength of an AGN may affect how strong
the corresponding emission from the narrow-line region
is. Thus, it may be the case that lower luminosity or
lower accretion rate AGN are more easily overwhelmed
by star formation. Therefore, we next explore whether
correctly and incorrectly classified X-ray AGN differ
in their intrinsic AGN properties. One of the indica-
tors of the accretion strength of an AGN in the opti-
cal regime is the luminosity of the forbidden [OIII] line,
L[OIII], which scales with the bolometric luminosity of
the AGN (Mulchaey et al. 1994; Heckman et al. 2005;
LaMassa et al. 2010; Azadi et al. 2017; Glikman et al.
2018). A related quantity, L[OIII] divided by the fourth
power of the stellar velocity dispersion, σ4, can provide
an estimate of the Eddington ratio of the AGN (Kew-
ley et al. 2006). Trump et al. (2015) suggested that
higher sSFR galaxies must have more efficient AGN in
order to be classified as BPT AGN because of the rela-
tive contributions from star formation. We show L[OIII]
and L[OIII]/σ
4 versus stellar mass in Figures 8 and 9,
respectively, with the BPT star-forming galaxies from
GSWLC-M1 composing the backgrounds in Figure 8(a)
and Figure 9(a) and the BPT AGN from GSWLC-M1
making up the backgrounds in Figures 8(b) and 9(b).
In Figures 8 and 9, there appear to be two distinct se-
quences for the two BPT types when mass is included,
where in Figure 8(a), the background BPT star-forming
galaxies form one sequence where L[OIII] appears to cor-
relate with stellar mass, including galaxies with masses
up to log(M∗) ≈ 11, while the star-forming galaxies in
Figure 9(a) do not show a strong dependence of proxy
Eddington ratio with stellar mass, which is expected be-
cause L[OIII] from star-forming galaxies primarily comes
from star-formation. The BPT AGN form sequences
in Figures 8(b) and 9(b) that have no apparent de-
pendence on mass with masses ranging roughly from
10 < log(M∗) < 12. The existence of these two se-
quences is apparently the case because of the different
source of [OIII] emission that is dominant in BPT star-
forming galaxies versus BPT AGN. The majority of the
BPT-HII are more consistent with the background star-
forming galaxies in Figures 8(a) and 9(a) whereas the
BPT-AGN all appear consistent with the background
BPT AGN shown in Figures 8(b) and 9(b), which is
to be expected if the NLR dominates [OIII] emission.
Six BPT-HII are more consistent with the background
BPT AGN in Figures 8(b) and 9(b) and, if the NLR is
indeed the source of their [OIII] emission, their Edding-
ton ratios are much lower than the average BPT-AGN,
suggesting that they have relatively inefficient accretion.
We will return to these outliers in Section 3.2.3.
We find no considerable separation between the BPT-
HII and BPT-AGN in terms of their L[OIII], suggesting
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Figure 8. De-reddened [OIII] luminosity versus stellar
mass. (a) Left: BPT-HII are plotted on top of BPT star-
forming galaxies from GSWLC-M1. (b) Right: BPT-AGN
are plotted on top of BPT AGN from GSWLC-M1. L[OIII]
is an indicator of AGN strength. Six of the BPT-HII are
not consistent with the distribution of the background star-
forming galaxies but appear to be more consistent with the
BPT AGN background.
that, on its own, [OIII] emission is not a reliable tool
for measuring nuclear activity of X-ray selected AGN
because of possible contamination from star-formation.
We find that L[OIII]/σ
4 provides a somewhat better
separation between the BPT-AGN and BPT-HII than
L[OIII] but the improvement is marginal and the two
groups still mostly overlap. Overall, we find L[OIII] and
L[OIII]/σ
4 are unreliable indicators of the strength of
nuclear activity for X-ray selected AGN because of the
overlapping ranges of the BPT star-forming and AGN
sequences. We also confirm that at fixed SFR con-
tained within the spectroscopic fiber, SFRFib, none of
the AGN-related quantities: LX, L[OIII], or L[OIII]/σ
4
provides a separation between correctly and incorrectly
classified objects, further disfavoring the SF dilution sce-
nario.
We conclude that SF dilution does not appear to be
the most likely scenario for the majority (or even all) of
the misclassified sources, given that there exist a large
number of correctly classified BPT-AGN with similar
sSFRs, mass, X-ray luminosity, and redshift.
3.2.2. Line Broadening
As discussed in Section 2.1, type 1 AGN were excluded
from the sample based on SDSS spectroscopic classifica-
tion. Type 1 AGN have broadened Balmer lines and
should therefore not be placed on emission line diag-
nostic diagrams, which are appropriate for the emission
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Figure 9. Eddington Ratio Proxy (L[OIII]/σ
4) versus stel-
lar mass. (a) Left: BPT-HII are shown with the BPT
star-forming galaxies from GSWLC-M1. (b) Right: BPT-
AGN are plotted on top of the BPT AGN in GSWLC-M1.
L[OIII]/σ
4 can provide a proxy for Eddington ratio of AGN
if the contribution to the [OIII] line luminosity from star
formation is minimal.
from NLRs. Furthermore, type 1 AGN are rare (∼1%)
in general population of galaxies. However, a less ex-
treme line broadening such that would not lead to spec-
troscopic classsification as a QSO may potentially affect
the measured fluxes of Balmer series lines, including Hα
and Hβ, lowering the line ratios to make them appear
as due to SF (Botte et al. 2004). Instead of using some
absolute line width threshold to identify any potential
type 1 AGN remaining in our sample, a more relevant
quantity in relation to the BPT diagram is to look at
the comparison of the width of forbidden and of Balmer
lines, following Pons & Watson (2014). We show in Fig-
ure 10 the FWHM of forbidden lines versus the FWHM
of Balmer lines for the BPT-HII and BPT-AGN. FWHM
values for Balmer lines were not available for 5 of the
BPT-HII and 15 of the BPT-AGN. We manually in-
spected the SDSS DR7 spectra of these 5 BPT-HII and
confirmed that these do not have any substantial broad
lines. The S/N ratio of their Balmer lines is close to the
cutoff and this may have prevented the measurements
of FWHMs. Among the 29 BPT-HII in Figure 10, two
show Balmer lines broadened by over 50% compared to
their forbidden lines. We have not tried to establish if
this modest broadening is sufficient to affect their BPT
classification. In any case, the majority of BPT-HII do
not exhibit Balmer line broadening.
It should be noted that emission line properties in the
MPA/JHU catalog were derived using single Gaussian
fits, which may underestimate the FWHM of certain
AGN in BPT-SF Galaxies 9
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Figure 10. FWHM of forbidden lines versus FWHM of
Balmer lines. The two FWHMs are usually comparable, so
the Balmer line broadening does not seem like a viable ex-
planation for misclassification of BPT-HII X-ray AGN.
lines with weak broad wings (Cha´vez et al. 2014). We
manually inspected the spectra of all 34 of our BPT-HII
and did not find the Balmer lines in any of the spectra
to have a substantial wing component, suggesting that
our sample is not contaminated by type 1 AGN and the
conclusions drawn in this section are valid.
3.2.3. BPT-HII as AGN with intrinsically no emission
lines or with very low ionization lines
We now turn our attention to a remarkable, but
heretofore neglected fact that a large fraction of X-ray
AGN, approximately 40% in this study, are not clas-
sifiable using the BPT diagram, because one or more
lines are not detectable. The reason for this may sim-
ply be that the spectroscopy is not of sufficient depth.
In Figure 11, we show that unclassifiable X-ray AGN
span the same range of mass and redshift as either the
BPT-HII or the BPT-AGN in Figure 6, demonstrating
that they are not unclassifiable because they are more
distant or are in less massive galaxies. The reasons for
non-detection are thus intrinsic and may be a due to one
or more of the following scenarios:
1. AGN lack detectable NLRs because of obscura-
tion by dust in the host galaxy (Rigby et al. 2006;
Goulding & Alexander 2009; Trump et al. 2009;
Sargsyan et al. 2012).
2. Given an AGN’s measured X-ray luminosity, its
expected optical emission is insufficient to be de-
tected (Yan et al. 2011).
3. The AGN has a radiatively inefficient accretion
flow (RIAF) which cannot adequately heat the
NLR (Yuan & Narayan 2004; Hopkins et al. 2009;
Trump et al. 2009).
4. The NLR is not sufficiently heated because a com-
plex NLR structure allows many ionizing photons
to escape (Trouille & Barger 2010).
5. The AGN has recently turned on and has not had
enough time to heat the AGN such that it pro-
duces AGN lines (Schawinski et al. 2015).
If, however, such galaxies with undetectable AGN lines
had sufficiently high star-formation, they will be (cor-
rectly) placed in the star-forming region of the BPT di-
agram. In Figure 12, we show the sSFRs of the unclassi-
fiable X-ray AGN and the “misclassified” ones and find
that indeed the two groups are mostly distinct in terms
of their sSFRs. We conclude that BPT-HII have AGN
that are fundamentally similar to the AGN in unclassi-
fiable X-ray AGN and that the intrinsically weak/non-
detectable NLR is the most likely explanation for the
majority of the so-called misclassified AGN. Consider-
ing that they would not be classifiable as AGN even if
there was no SF, we argue it is not appropriate to refer
to them as misclassified.
For the smaller fraction of BPT-HII X-ray AGN,
which have very low sSFRs and [OIII] properties more
similar to low-ionization AGN in Figures 8(b) and 9(b),
the likely explanation is that the NLR emission of these
AGN is intrinsically very similar to the emission of
HII regions, leading to a genuine misclassification (our
scenario 4 in Section 3.2). These six BPT-HII may
have low-ionization AGN incapable of heating the NLR
enough for their nebular emission to be dominated by
forbidden lines like BPT AGN or they may have NLRs
heavily obscured by dust. A related possibility is that
these six BPT-HII have AGN in the early stages of their
duty cycle and have not yet had enough time to suffi-
ciently heat and ionize their NLR.
3.3. X-ray AGN fraction across the BPT Diagram
In the previous section, we concluded that most of
the X-ray selected AGN found in the star-forming re-
gion of the BPT diagram are galaxies that would not
be classifiable on the BPT diagram were it not for rela-
tively high host sSFR. While having such AGN among
the star-forming sample is not likely to affect emission
line measurements (since the AGN contribution to the
lines is insignificant), it does make the sample less pure,
which may be of significance in studies that contrast
galaxies with and without an AGN. In this section we
aim to quantify the severity of this contamination, and
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Figure 11. Mass versus redshift for X-ray AGN that are un-
classifiable by BPT diagram. Unclassifiable X-ray AGN are
found in galaxies at similar distances and of similar mass to
the BPT-AGN and BPT-HII, showing that they are not un-
classifiable because they preferentially lie in low-mass galax-
ies or at large distances.
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Figure 12. sSFR versus stellar mass for BPT-HII and X-
ray AGN that are unclassifiable by the BPT diagram. Un-
classifiable X-ray AGN occupy the red, dead portion of the
sSFR-Mass diagram. The BPT-HII and unclassifiable X-ray
are mostly separated by their sSFRs.
do so by deriving the fraction of X-ray AGN across the
BPT diagram.
Proper determination of the fraction of galaxies that
are X-ray AGN needs to take into account that the de-
tectability is a complex function of both the host/AGN
properties and of the X-ray observations depth. We can-
not simply take the X-ray fraction to be the raw fraction
of X-ray AGN among all narrow-emission line galaxies
in a given part of the BPT diagram, as this would dra-
193 50’ 40’ 30’ 20’ 10’
10 30’
20’
10’
00’
RA[deg]
D
ec
[d
eg
]
ʹ
ʹ
ʹ
ʹ
ʹ ʹ ʹ ʹ ʹ
Figure 13. One example field from 3XMM displaying bi-
nary image with pixels containing counts as ‘1’s (white) and
without counts as ‘0’s (black).
matically underestimate the X-ray AGN fraction by in-
cluding galaxies that could not have been detected in
3XMM, either because of host properties that differ from
those of X-ray AGN hosts (e.g. lower mass) or because
the candidate X-ray AGN is too distant to be detected
in X-rays.
First, we need to identify which galaxies lie within the
areas on the sky actually covered by 3XMM such that if
these galaxies had significant X-ray emission, they would
have been detected in 3XMM for the observation depth
chosen for this study. From our X-ray sample, we take
XMM observation IDs and download imaging data from
the online XMM-Newton database for the M1, M2, and
PN cameras, where available. We then use these X-
ray images to create binary masks where any pixel with
a count greater than 0 is set to 1. An example of a
binary mask created from an observation field is shown
in Figure 13.
Within the actual field of view of the observations in
Figure 13, the number of pixels with 0 counts is quite
substantial. To recover the actual area covered by X-
ray observations, we used a binary dilation to fill in the
pixels between counts and then used a binary erosion to
remove the portions on the outside of the edges of the
field (Figure 14). This resulted in binary maps of the
portions of the sky which were covered by 3XMM and
have exposure times in the range we selected for this
study.
We identify GSWLC-M1 galaxies covered by 3XMM
by requiring the separation between the galaxy and any
AGN in BPT-SF Galaxies 11
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Figure 14. Binary coverage map of field observed in Figure
13. Pixels which had zero counts in the original observa-
tion have been filled in as white via a binary dilation which
produces a cleaner, continuous field of observation for use in
checking if the positions of GSWLC-M1 sources lie within
these fields of view.
3XMM pixel to be less than one pixel (∼ 1′′). Only
6247 of the nearly 200,000 BPT-classifiable galaxies
from GSWLC-M1 are found to be within the pointings
of 3XMM and are shown on a map in Figure 15.
To calculate the X-ray AGN fraction at different po-
sitions of the BPT diagram, we construct a distance
metric (d) with which to measure the similarity of a
galaxy with respect to a X-ray AGN, based on the
stellar mass (M∗), redshift (z), log([NII]/Hα) (x), and
log([OIII]/Hβ) (y), defined as
d =
[(
x0 − xi
σx
)2
+
(
y0 − yi
σy
)2
+
(
M∗,0 −M∗,i
σM∗
)2
+
(
z0 − zi
σz
)2 ]1/2
(8)
where each component is normalized by its respective
standard deviation. We compute “distances” from each
X-ray AGN (x0, y0, M∗,0, z0) to each GSWLC-M galaxy
(xi, yi, M∗,i, zi) covered in 3XMM (including other X-
ray AGN). Galaxies with components nearly matching
an X-ray AGN’s corresponding values will be considered
similar if they lie within some maximum distance, dmax,
and the X-ray AGN fraction is the number of X-ray AGN
divided by the number of all GSWLC-M galaxies within
that distance. The latter are galaxies that have such
host properties that they would have been detectable
as X-ray AGN if they were one. We wish to use the
minimum distance such that the fraction is reasonably
well determined, and after some testing adopt a value of
dmax = 2.5.
The above method allows us to probe the X-ray AGN
fraction at the parameter space location of an X-ray
AGN. The results are shown in Figure 16 with the X-
ray AGN color-coded by the X-ray fraction at their
position in the BPT diagram. In the star-forming
branch, the average X-ray AGN fractions for the up-
per ([OIII]/Hβ > 0), middle (−0.5 <[OIII]/Hβ < 0),
and lower (−0.5 <[OIII]/Hβ < 0) sections of the
branch are 1%, 2%, and 3%, respectively. In the AGN
branch, the average X-ray AGN fractions for lower
(−0.5 <[OIII]/Hβ < 0), middle (0 <[OIII]/Hβ < 0.5),
upper (0.5 <[OIII]/Hβ < 1), and top ([OIII]/Hβ >
1) are 5%, 8%, 10%, and 14%. Given our X-ray
sample depth, these fractions pertain to AGN with
log(LX) >41.
Interestingly, the X-ray AGN fraction does not ex-
ceed 14%, even at the uppermost tip of the AGN
branch where all galaxies are genuine high-accretion
AGN (Seyfert 2s) rather than LINERs, whose AGN na-
ture has been debated. Furthermore, we find that the
X-ray AGN fraction among LINERs is not anomalously
low compared to the tip of the AGN branch, which is
consistent with them being AGN.
We determine that the X-ray AGN contamination rate
among the star-forming galaxies is only a couple of per-
cent. However, considering that the X-ray AGN fraction
does not exceed 14% anywhere in the BPT diagram, it is
possible that the actual contamination rate at the base
of the SF branch is much higher if we consider 14% to be
the efficiency of finding X-ray AGN among BPT-AGN
given our selected exposure time range for X-ray obser-
vations. In that case, the contamination rate in the base
of the SF region may be larger by a factor of 100/14,
which would correspond to an X-ray AGN fraction in
the star-forming region of ∼ 20%. Such contamination
rate may present a problem for studies which require
stringent removal of AGN.
4. DISCUSSION
Moran et al. (2002) showed that narrow-line AGN may
be classified as BPT-star forming galaxies if the size of
the spectroscopic aperture is large and is contaminated
by star formation. This star-formation dilution hypoth-
esis has played a prominent role in recent studies to ex-
plain the existence of some X-ray AGN which lack strong
BPT AGN-like emission lines (Goulding & Alexander
2009; Pons & Watson 2014; Pons et al. 2016). In Section
3.2.1, we find that the BPT-HII and BPT-AGN span
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Figure 15. Coverage map showing GSWLC-M1 galaxies and 3XMM fields. The 3XMM fields are shown in gray. Black stars
are GSWLC-M1 galaxies that were included within the fields covered by 3XMM. Magenta galaxies are GSWLC-M1 galaxies
not covered in 3XMM.
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Figure 16. BPT diagram showing X-ray AGN color-coded
by the X-ray AGN fraction among similar galaxies. The
fraction of X-ray AGN in the star-forming sequence is quite
low (< 2%).
similar mass and redshift ranges, suggesting that the
classification is not strongly dependent on aperture ef-
fects and that star formation dilution cannot adequately
explain misclassification, a result that is consistent with
Maragkoudakis et al. (2014) which found that [OIII]/Hβ
actually increased for some AGN when a larger aperture
is used. Similarly, we do not find conclusive evidence
in Section 3.2.1 that a high sSFR alone will result in
the misclassification of an X-ray AGN because there are
nearly equal numbers of X-ray AGN with sSFR > −10
that are classified as BPT-AGN as there are BPT-HII.
A high sSFR does, however, appear to be a requirement
for most of the BPT-HII to be misclassifed.
In this work, we attempted to use [OIII] luminosity
to investigate the possibility that X-ray AGN lacking
BPT-AGN line ratios have intrinsically weak or ineffi-
cient AGN, which may imply the presence of a RIAF.
Pons & Watson (2014) and Pons et al. (2016) found
low Eddington ratios, λ < 10−2, to be common among
X-ray AGN which lack strong lines. At these lower Ed-
dington ratios, a RIAF may be present but the AGN
can still produce strong X-ray emissions through inverse
Compton emission from the hot RIAF (Yuan & Narayan
2004). In such a RIAF, the geometrically thin, optically
thick Shakura-Sunyaev accretion disk is now absent or
truncated and is replaced by a geometrically thick struc-
ture in which the inflow time is shorter than the radia-
tive cooling time (Shakura & Sunyaev 1973; Narayan
& Yi 1994; Narayan 2005; Ho 2008). In this work, we
find six low sSFR BPT-HII with low values of L[OIII]/σ
4
compared to the general population of BPT AGN, sug-
gesting low Eddington ratios and possibly the presence
of a RIAF, if we assume their [OIII] emission comes
primarily from the NLR. Because we suspect the major-
ity of the BPT-HII do not have a detectable NLR, we
cannot reliably use L[OIII]/σ
4 to comment on their ac-
cretion mode because of likely contamination from star-
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formation as we additionally find that BPT star-forming
galaxies and AGN produce similar amounts of L[OIII].
This suggests that L[OIII] may be an unreliable indica-
tor of AGN strength for X-ray selected AGN, consistent
with Trouille & Barger (2010) which found a dispersion
of 2 dex in the the ratio of [OIII] to hard X-ray luminosi-
ties for narrow-line AGN. Recent works by Jones et al.
(2016) and Thomas et al. (2018) likewise demonstrate
the unreliability of L[OIII], finding that contributions
from SF can account for the majority (& 90%) of emis-
sion from AGN lying just above the Kauffmann et al.
(2003) line as well as substantial portions (10− 20%) of
the emission from the strongest AGN at the tip of the
AGN branch, consistent with our finding that L[OIII]
spans the same range of values for BPT SF and AGN.
It seems clear that optical indicators of AGN strength
other than L[OIII] like [NeIII] or similarly high ionization
lines need to be statistically investigated in order to es-
tablish a reliable measure of an AGN’s strength that
can be employed in studies which utilize large samples
of galaxies.
In addition to star-formation dilution, it has been
suggested that NLS1s could be mistaken as star-
forming galaxies. In our sample we find no evidence
of any NLS1. In contrast to the results in this paper,
Castello´-Mor et al. (2012) find that most of their opti-
cally misclassified X-ray AGN are NLS1s with 600 km
s−1 <FWHM(Hβ)<1200 km s−1. To understand the
cause of the differing results, we inspected the avail-
able SDSS spectra of the misclassified X-ray AGN from
Castello´-Mor et al. (2012) and found that all but one
of their galaxies are classified by the SDSS pipeline
as ‘QSO’s with most showing clearly broadened lines
as well as significant blue continua and bright central
sources. Therefore, the discrepancy in NLS1 fractions
between Castello´-Mor et al. (2012) and ours is explained
as a result of our difference in narrow-line galaxy selec-
tion: in that study, type 1 AGN were excluded solely
by FWHMHβ = 1200 km s
−1 cut, whereas our work
uses the SDSS spectroscopic classification to exclude
type 1 AGN, which effectively eliminates galaxies with
FWHMs broader than 500 km/s in any line. Simi-
larly, Pons & Watson (2014), which found 60% of their
optically misclassified X-ray AGN are NLS1, included
such SDSS ‘QSO’s in their sample. A more detailed
study is required to determine precisely how broad-line
components affect the position of an AGN in the BPT
diagram. Our results suggest that using SDSS spectro-
scopic classification is a preferred way to exclude type 1
AGN than relatively high FWHM cuts.
While understanding the causes of optical misclassi-
fication is indeed important, it is also pertinent to the
study of AGN and of galaxy evolution as a whole to
quantify the fraction of X-ray AGN at different posi-
tions in the BPT diagram. As we show in Section 3.3,
the X-ray AGN fraction in the star-forming branch of
the BPT diagram is around 3% at its base and decreases
below 1% towards the upper left side. This suggests that
AGN contamination is not a severe issue. In addition
to measuring the AGN contamination rate, we also find
that the fraction of X-ray AGN is 14% at the top of
the AGN branch, where it is known that the galaxies
must be true AGN. In contrast, Azadi et al. (2017) use
very deep (∼ 100 − 4000 ks) Chandra observations to
find X-ray counterparts for ∼50% of optically-selected
AGN in the MOSDEF survey. In that work, the ma-
jority of the X-ray AGN have hard X-ray luminosities
in the range 1043-1045 erg s−1 and L[OIII] > 1042 erg
s−1, whereas the majority of our X-ray AGN have full-
band luminosities below 1043 erg s−1 and L[OIII] < 1042
erg s−1, and it seems reasonable that a higher recovery
fraction would be found for optically selected AGN of
higher luminosities. Our low recovery fraction of 14%
suggests that, despite X-ray selection being able to pro-
vide secure AGN, there are populations of AGN that this
method misses because of the complex structure of gas
and dust surrounding an AGN that prevents significant
X-ray emission from escaping, as is the case for AGN
surrounded by Compton-thick clouds in galaxy mergers
(Ricci et al. 2017; Satyapal et al. 2017). The number of
such Compton-thick AGN found in galaxy mergers in-
creases at higher redshifts (Kocevski et al. 2015; Lanzuisi
et al. 2015; Del Moro et al. 2016; Koss et al. 2016), where
X-ray selection of AGN is often the only method avail-
able as optical emission lines get redshifted further into
the infrared. Our results suggest that it is imperative
that other methods for selection of AGN at higher red-
shifts be employed or developed to address this problem.
The TBT diagram provides a selection method for do-
ing so optically up to z ∼ 1.4 but the lines required for
using it are fairly weak and may be difficult to detect.
Fortunately, recent works utilizing the MOSDEF survey
have extended the utilization of BPT diagrams to higher
redshifts (Coil et al. 2015; Kriek et al. 2015) and have
investigated the reliability of such diagnostics at these
redshifts (Azadi et al. 2017).
5. CONCLUSIONS
In this work, we used 323 X-ray AGN in relatively
massive hosts, at redshifts below 0.3, and spanning a
wide range of X-ray luminosities to investigate their clas-
sification in the BPT diagram and to quantify the X-ray
AGN fraction as a function of position in the BPT dia-
gram. We summarize the main results.
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1. A fraction of X-ray AGN is found in the star-
forming region of the BPT diagram, as shown in
other studies.
2. At fixed specific SFR, none of the AGN-related
quantities of LX, L[OIII], and L[OIII]/σ
4 provides a
separation between AGN classified as such by the
BPT diagram and the ones apparently misclassi-
fied as star-forming galaxies, which suggests that
the star-formation dilution scenario is not consis-
tent with observations.
3. The use of L[OIII] as an indicator of nuclear ac-
tivity of AGN is not reliable because L[OIII] from
BPT star-forming galaxies overlaps significantly
with that of BPT AGN.
4. Furthermore, nearly 40% of X-ray AGN, having a
full range of X-ray luminosities, are not detectable
in one or more of BPT lines. This also speaks to
the limitations of L[OIII] as an indicator of AGN
strength.
5. We conclude that the majority of X-ray AGN
classified by BPT as star-forming do not have a
narrow-line region and are only classifiable in the
BPT diagram because of the contributions from
host star-formation. Thus, the intrinsic properties
of the X-ray AGN in the star-forming region of the
BPT diagram are closer to X-ray AGN that have
no emission lines (result 4) than the ones on the
AGN branch.
6. The X-ray AGN fraction is 1% at the tip of the
star-forming branch and 3% at its base. Selection
of star-forming galaxies by the BPT diagram pro-
vides a reasonably clean sample of galaxies, mostly
unaffected by X-ray AGN.
7. The X-ray AGN fraction at the tip of the AGN
branch is only 14%, which suggests that X-ray se-
lection of BPT AGN is largely incomplete even
with ∼20 ks exposure times, which are deep for
our low redshifts.
8. The X-ray AGN fraction is similar in LINER and
Seyfert regions of the BPT diagram. Further-
more they are found equally among the Seyfert
and LINER populations in the VO87 emission-line
diagrams. These results are consistent with LIN-
ERs being AGN.
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